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channels is combined with a dynamic bonding mecha- 
nism that, in cases of single or multiple loop failures, 
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cations traffic across the still available physical commu- 
nications channels. In this way, the channel bonding 
technique advantageously facilitates the dynamic re- 
covery from faults in one or more communication chan- 
nels while preserving a symmetric bandwidth channel 
allocation. 




Printed by Jouve, 75001 PARIS (FR) 



iRpnmrv ^pp 



1 EP 1 009 154 A2 



Description 

Field of the Invention 

[0001] The present invention relates to communica- 
tions and, more particularly, to high-speed data trans- 
mission over various communications networks. 

Background of the invention 

[0002] Advances in communications technology and 
the availability of powerful desktop computer hardware 
has increased the use of computers to access a variety 
of publicly available computer networks. For example, 
the speed of modems, well-known communication de- 
vices used for transforming a digital bit stream into an 
analog signal, has significantly increased thereby allow- 
ing for the high-speed exchange of information across 
communications networks, e.g., the public switched tel- 
ephone network (PSTN.) Today, a tremendous amount 
of information is exchanged between individual users lo- 
cated around the world via public communications net- 
works, e.g., PSTN's and the Internet. In addition to the 
increased volume of communications traffic across 
PSTN's, there is a dual increase in the content features 
of today's applications which are available across com- 
munications networks. These content rich applications 
require high bandwidth and high-speed communication 
transmissions between the provider and the user of the 
application. Such high-speed communications have 
placed a significant burden on modem-day PSTN's and 
the entire telephony infrastructure. More particularly, the 
well-known local loop, i.e., the connection from the sub- 
scriber to the local central office of a local exchange 
company ("LEC"), has become a main focus and bottle- 
neck for telephone service providers in meeting the ev- 
er-increasing communications demands of their sub- 
scriber base. A significant challenge to the local service 
providers is that the conventional local loop infrastruc- 
ture comprises standard copper cable, i.e., copper 
loops, which cannot readily support high bandwidth 
transmission requirements. 

[0003] Therefore, telecommunications service pro- 
viders, e.g. LEC's or inter-change carriers ("IXC"), are 
exploring a number of techniques for increasing the 
bandwidth capacity of their existing copper loop network 
infrastructure. One emerging technology which enables 
high-speed digital data transmission over standard cop- 
per loops is so-called Digital Subscriber Line ("DSL") 
communications. In short, DSL provides for the trans- 
mission of high bandwidth capacities between service 
providers and their subscribers using the existing cop- 
per local loop infrastructure. More particularly, DSL is a 
modem-like technology requiring a DSL configured de- 
vice at the transmission and receiving location for ex- 
changing a high-speed analog signal which has been 
overlayed with a digital data stream. In this way, DSL 
provides for the simultaneous transmission of voice, da- 



2 

ta, video, and multimedia over the existing telephone 
network infrastructure. DSL and its potential applica- 
tions are described in more detail, e.g., by D. L. Waring 
et al. f Digital Subscriber Line Technology Facilitates a 
s Graceful Transition From Copper to Fiber, IEEE Com- 
munications Magazine, March, 1991, which is hereby 
incorporated by reference for all purposes. 
[0004] Advantageously, DSL supports both symmet- 
ric and asymmetric bandwidth configurations. As is well- 
to known, symmetric bandwidth applications are those in 
which the provided channel bandwidth is the same in 
both directions, e.g., conventional Plain Old Telephone 
Service ("POTS".) Conversely, asymmetric bandwidth 
applications are those in which a higher bandwidth is 
1$ transmitted in one direction (e.g., from the central office 
to the subscriber) than in the other direction. In particu- 
lar, so-called Asymmetric Digital Subscriber Line ("AD- 
SL") has emerged as a leading technology for address- 
ing the current explosion in Internet access subscrip- 
20 tions. ADSL is ideal for Internet access because the na- 
ture of the communication, in terms of bandwidth, is in- 
herently asymmetric. For example, when subscribers 
browse the well-known World Wide Web ("WWW") their 
upstream connection to the WWW requires low band- 
25 width to facilitate the exchange. However, the down- 
stream transmission from the WWW to the subscriber 
requires a much higher bandwidth for exchanging the 
desired content, e.g. multimedia, from the WWW. 
[0005] Thus, DSL appears to be a technology which 
30 will become more pervasive throughout the communi- 
cations industry and network infrastructure. However, 
one drawback of conventional types of DSL is that so- 
called "splitters" are required at each end of the DSL 
connection to filter, i.e., separate, the analog voice and 
35 digital data. This requires subscribers and service pro- 
viders to incur various costs associated with the instal- 
lation of such splitters. In response, a new type of DSL 
technology has been developed, so-called "ADSL lite" 
or "splitterless ADSL," which eliminates the need for 
40 splitters at the subscriber premise and therefore reduc- 
es the associated installation costs incurred by the sub- 
scriber base. The expected deployment of splitterless 
ADSL throughout the telecommunications network in- 
frastructure of service providers will significantly en- 
45 hance their ability to provide a cost effective solution for 
today's increasing asymmetric communications require- 
ments. 

[0006] However, even with such enhanced asymmet- 
ric bandwidth capabilities, ADSL techniques are not the 
so panacea for solving all of the service provider's band- 
width access requirements. In particular, several impor- 
tant applications, e.g., Internet voice and video teleph- 
ony, and server hosting, require symmetric bandwidth 
communications. Furthermore, current DSL transceiv- 
55 ers are configured for a single operating mode, e.g., 
symmetric or asymmetric, including upstream/down- 
stream bandwidth allocation, when manufactured or in- 
stalled at a subscriber site or at a service provider facil- 
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ity. Such conventional DSL transceivers can adjust their 
available bandwidth to accommodate local loop condi- 
tions. However, this is typically done during a initializa- 
tion or re-training procedure of the DSL transceiver 
which was necessitated by a local loop failure or dete- 
riorating error rates. Thus, for all practical purposes, a 
conventional DSL transceiver is either asymmetric or 
symmetric depending upon its initial configuration and 
does not typically change its operating mode thereafter. 
[0007] The invention set forth in our co-pending, com- 
monly assigned patent application entitled "Dynamic 
Bandwidth and Symmetry Allocation of Digital Subscrib- 
er Line Channels", Application Serial No., filed on even 
date herewith ameliorates the above-described prob- 
lems associated with conventional DSL communica- 
tions. In accordance with that invention, the attributes 
of a DSL communications channel are dynamically ad- 
justed to satisfy varying bandwidth and/or symmetry re- 
quirements. More particularly, in accordance with that 
invention, the symmetry and/or bandwidth allocation 
across a communications channel, e.g. a local loop, is 
dynamically adjusted as a function of particular commu- 
nications transmission requirements. In accordance 
with various embodiments of that invention, the dynamic 
adjustment of the symmetry and/or bandwidth allocation 
is made as a function of monitoring of the real-time us- 
age pattern across the communications channel, or as 
a function of a request received from a particular appli- 
cation employing the communications channel. Of 
course, such dynamic adjustments are only effective so 
long as the communication channel does not itself incur 
a transmission fault. That is, if the channel itself fails all 
communications exchanged across that channel also 
fail. 

[0008] Therefore, a need exists for the dynamic re- 
covery from communications faults in DSL communica- 
tions systems. 

Summary of the Invention 

[0009] The present invention provides a technique 
where asymmetric channels are bonded together to pro- 
duce a fully symmetric channel across a communica- 
tions channel, e.g., a local loop. As will be appreciated 
by those skilled in the art, the bonding of multiple low 
bit-rate channels to obtain higher apparent communica- 
tions speeds, i.e., so-called inverse multiplexing, is well- 
known. It has, however, remained for the inventors here- 
in to recognize that the combination of the dynamic ad- 
justment of the symmetry and/or bandwidth allocations 
of communications channels with bonding provides an 
elegant technique by which a fully symmetric channel, 
e.g. a standard T1 -carrier digital transmission line, can 
be produced from the bonding of asymmetric channels. 
Advantageously, the dynamic bandwidth and/or sym- 
metry channel adjustments and bonding combination 
facilitates the dynamic recovery from communications 
faults in DSL communications systems. 



[0010] More particularly, in accordance with the 
present invention a technique is provided which advan- 
tageously facilitates the dynamic recovery from faults in 
one or more communication channels. That is, in ac- 
s cordance with the preferred embodiment of the inven- 
tion, the dynamic adjustment of DSL bandwidth alloca- 
tion and/or symmetry across communications channels 
is facilitated in accordance with the various aspects of 
the invention of our above-cited co-pending application, 
io which are combined with an dynamic bonding mecha- 
nism that, in cases of single or multiple loop failures, 
creates the appearance of a single higher-bandwidth 
channel by combining and/or distributing the communi- 
cations traffic across the still available physical commu- 
te nications channels. In this way, the present invention 
provides a technique which advantageously facilitates 
the dynamic recovery from faults in one or more com- 
munication channels while preserving a symmetric 
bandwidth channel allocation. 

20 

Brief Description of the Drawings 
[0011] 

25 FIG. 1 shows a single loop DSL communications 
system configured in accordance with the principles 
of the invention; 

FIG. 2 shows an expanded configuration of the DSL 
transceivers of FIG. 1 in accordance with the prin- 
30 ciples of the invention. 

FIG. 3 shows a series of communications scenarios 
wherein the communications channel shown in FIG. 
1 and 2 is dynamically adjusted in accordance with 
the invention; 

35 FIG. 4 is a flowchart of illustrative operations per- 
formed in accordance with the invention for dynam- 
ically adjusting the bandwidth allocation and/or 
symmetry of a communications channel; 
FIG. 5 shows a multiple loop DSL communications 

40 system, configured in accordance with the princi- 
ples of the invention, for dynamically adjusting the 
attributes of the DSL communications channels to 
satisfy varying bandwidth and symmetry require- 
ments; 

45 FIG. 6 shows illustrative dynamic communications 
channel configurations in the event of a communi- 
cations channel failure in the multiple loop DSL 
communications system of FIG. 5; and 
FIG. 7 shows an illustrative DSL terminal for apply- 
so ing dynamic symmetry and bonding control to com- 
munications channels in accordance with the inven- 
tion. 

Detailed Description 

55 

[0012] The present invention provides a technique 
where asymmetric channels are bonded together to pro- 
duce a fully symmetric channel across a communica- 
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tions channel, e.g., a local loop. In accordance with the 
invention, the dynamic adjustment of the symmetry and/ 
or bandwidth allocations of communications channels is 
combined with bonding to produce a fully symmetric 
channel from asymmetric channels. Advantageously, 
the dynamic bandwidth and/or symmetry channel ad- 
justments and bonding combination facilitates the dy- 
namic recovery from communications faults in single or 
multiple loops. 

[0013] It should be noted that for clarity of explana- 
tion, the illustrative embodiments described herein are 
presented as comprising individual functional blocks or 
combinations of functional blocks. The functions these 
blocks represent may be provided through the use of 
either shared or dedicated hardware, including, but not 
limited to, hardware capable of executing software. Il- 
lustrative embodiments may comprise digital signal 
processor ("DSP") hardware and/or software perform- 
ing the operations discussed below. Further, in the 
claims hereof any element expressed as a means for 
performing a specified function is intended to encom- 
pass any way of performing that function, including, for 
example, a) a combination of circuit elements which per- 
forms that function; or b) software in any form (including, 
therefore, firmware, object code, microcode or the like) 
combined with appropriate circuitry for executing that 
software to perform the function. The invention defined 
by such claims resides in the fact that the functionalities 
provided by the various recited means are combined 
and brought together in the manner which the claims 
call for. Applicants thus regard any means which can 
provide those functionalities as equivalent as those 
shown herein. 

[0014] The present invention utilizes bonding in com- 
bination with the dynamic adjusting of the attributes of 
a DSL communications channel to satisfy varying band- 
width and symmetry requirements. In accordance with 
the preferred embodiment of the invention, the dynamic 
adjustment of the bandwidth and/or symmetry require- 
ments across communications channels is facilitated in 
accordance with the various aspects of our invention in 
the subject co-pending application, as cited above. In 
order to provide context and facilitate an understanding 
of the present invention, various aspects of that inven- 
tion will now be discussed. 

[0015] FIG. 1 shows a single loop DSL communica- 
tions system 1 00 configured in accordance with the prin- 
ciples of the invention. More particularly, subscriber 
premise 170 comprises client 190 and client 195 which 
support the execution of particular applications, e.g., ap- 
plication 111, As will be appreciated such applications 
include browsing the WWW, Internet telephony, video 
conferencing, and the like. As illustratively shown, client 
1 95 is a personal computer connected to DSL router 1 75 
via a standard Ethernet connection 103, and client 190 
is a conventional telephone connected to communica- 
tions channel 165 via a standard POTS telephone line 
109. As will be appreciated, such client devices can be 



any information appliance which requires the exchange 
of information in support of some application. Subscrib- 
er premise 170 further includes DSL router 175 which 
routes incoming/outgoing communications across com- 

5 munications channel 165, e.g., a local copper loop. DSL 
router 175 further comprises remote access functions 
185 and DSL transceiver 180. Remote access functions 
1 85 perform various high level protocol operations, e.g. , 
packet multiplexing and authentication, necessary for 

10 establishing and maintaining communications between 
subscriber premise 170 and service provider premise 
101 . In accordance with the invention, DSL transceiver 
180 facilitates the dynamic adjusting of the attributes of 
a communications channel (illustratively, communica- 

is tions channel 1 65) to satisfy varying bandwidth require- 
ments. More particularly, in accordance with the inven- 
tion, the symmetry and/or bandwidth allocation across 
communications channel 165 is dynamically adjusted to 
satisfy particular communications transmission require- 

20 ments between subscriber premise 1 70 and service pro- 
vider premise 101 . Further details regarding the config- 
uration of DSL transceiver 180 and the operations for 
achieving the dynamic adjustment in symmetry and/or 
bandwidth allocation, in accordance with the invention, 

25 are discussed below. 

[0016] As described previously, DSL communications 
require a DSL communications device, e.g., DSL trans- 
ceiver 180 and DSL transceiver 120, at both ends of the 
communications channel. Thus, service provider 

30 premise 101, e.g., a LEC central office, is configured 
with DSL transceiver 120 and remote access functions 
1 1 5 which form an integral part of DSL access multiplex- 
er 110. As will be appreciated, while DSL transceivers 
180 and 120, respectively, are illustratively shown in 

35 hardware block diagram form, such DSL transceivers 
may be implemented in hardware, software, or a com- 
bination of hardware/software for delivering the dynamic 
adjusting of the communications attributes of a commu- 
nications channel in accordance with the invention as 

40 described herein. 

[0017] Service provider premise 101 further includes 
a conventional main distribution frame fMDF") 1 25, tel- 
ecommunications switch 105 and IP router 130. As is 
well-known, MDF 125 and telecommunications switch 

45 1 05 are employed by a telecommunications service pro- 
vider for distributing and completing telecommunica- 
tions traffic from their subscribers. For example, a sub- 
scriber using telephone 190 places a long distance call 
which is routed by service provider premise 101, over 

50 trunk 1 04, to inter-exchange carrier network 1 35 which 
completes the long distance call using toll switches 140 
and 145 to its ultimate destination in a conventional 
manner. 

[0018] In addition, IP router 1 30 is employed by serv- 
es ice provider premise 101 for facilitating communications 
over channels 106 and 108 to public computer net- 
works, e.g., Internet 150. Thus, illustratively, client 195, 
e.g., a personal computer, may access certain web pag- 
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es on the WWW using application 111, e.g., a web 
browser. Web browsers are well-known software appli- 
cation programs (e.g., Netscape® v. 5.0, available from 
Netscape Communications) which enable a user to 
traverse the WWW and access the vast amount of in- 
formation available throughout the WWW. As will be 
readily understood, the communications stream ex- 
changed in this embodiment is via a conventional Trans- 
fer Control Protocol/Internet Protocol ("TCP/IP") con- 
nection. As is well-known, TCP/IP is the protocol which 
is used in describing the way in which information is 
transferred across the Internet. Essentially, TCP/IP sep- 
arates information into individual packets and routes 
these packets between the sending computer, e.g., 
server, and the receiving computer, e.g., client. TCP/IP 
and Internet communications are discussed in more de- 
tail, e.g., by D. Comer., Internetworking with TCP/IP, 
Third edition, Prentice-Hall, Englewood Cliffs, NJ, 1995. 
Thus, application 111 receives an input request from the 
user of client 1 95 and attempts to locate the information 
on the WWW by establishing a connection through In- 
ternet 150 with the appropriate WWW resource, e.g., 
application 160, residing on application server 155. In 
such an illustrative downstream intensive communica- 
tion, in accordance with the invention, the symmetry 
and/or bandwidth allocation across channel 165, is dy- 
namically adjusted to satisfy the particular communica- 
tions transmission requirements between subscriber 
premise 170 and service provider premise 101 . 
[0019] In accordance with the preferred embodiment 
of the invention, ADSL lite (alternatively referred to here- 
in as "splitterless ADSL") is applied across channel 165 
to form the single communications channel for the ex- 
change of communications between subscriber premise 
170 and service provider premise 101. As will be appre- 
ciated, the principles of the invention apply to any DSL- 
type transmission where the dynamic, i.e., "on-the-fly", 
adjustment of bandwidth allocation and/or symmetry of 
the communications channel is desired. Typically, in ac- 
cordance with the preferred embodiment, when channel 
165 is so configured as an ADSL lite channel the so- 
called "high-speed" direction (i.e., "downstream'' from 
service provider premise 101 to subscriber premise 
170) data rate bandwidth ranges from 1 Mbits/sec to 2 
Mb its/sec, and the so-called "slow-speed" direction (i. 
e., "upstream" from subscriber premise 170 to service 
provider premise 101 ) data rate bandwidth ranges from 
64 Kbits/sec to 384 Kbits/sec. 

[0020] In accordance with the invention, it is the up- 
stream and downstream bandwidths which are dynam- 
ically adjusted from both a bandwidth rate (i.e., increas- 
ing or decreasing one or both bandwidths) and symme- 
try (i.e., increasing or decreasing the symmetry of the 
channel) perspective. For example, a user of client 195 
may be engaging in the downloading of certain files, e. 
g., files containing large amounts of video content, from 
application server 155 which due to their large file size 
require a continuously high downstream bandwidth. 



During the same time interval, the amount of upstream 
communications, e.g., voice telephony, from subscriber 
premise 170 is low. Advantageously, in accordance with 
an embodiment of the invention, DSL transceiver 180 

s continually monitors the incoming and outgoing commu- 
nications traffic across communications channel 165 to 
and from DSL router 175. In this way, DSL transceiver 
180 can measure or observe particular characteristics 
of communications channel 165, e.g., the traffic in/out 

io of DSL router 175, and initiate dynamic, i.e., real-time, 
adjustments to the bandwidth allocation of communica- 
tions channel 165 to optimize the overall performance 
of the channel. 

[0021] FIG. 2 shows an expanded configuration of 
'5 DSL transceivers 1 20 and 1 80, respectively, and further 
illustrates the principles of the invention. In particular, in 
accordance with this embodiment of the invention, the 
real-time measuring and observing of communications 
channel 1 65 by DSL transceiver 1 20 and DSL transceiv- 

20 er 1 80 is facilitated by symmetry/bandwidth adjuster 21 0 
and symmetry/bandwidth adjuster 250, respectively. 
That is, symmetry/bandwidth adjuster 210, illustratively, 
is a digital signal processor containing particular 
firmware for enabling DSL transceiver 180 to observe 

25 communications channel 165 and dynamically execute 
bandwidth allocation and/or symmetry adjustments in 
conjunction with DSL transmitter 200 and DSL receiver 
205 in accordance with the invention. In a similar fash- 
ion, DSL transceiver 180 utilizes symmetry/bandwidth 

30 adjuster 250, DSL receiver 240 and DSL transmitter 245 
to apply the bandwidth allocation and/or symmetry ad- 
justments across communications channel 165. While 
the present embodiment of FIG. 2 illustratively shows 
symmetry/bandwidth adjuster 210 and symmetry/band- 

35 width adjuster 250 incorporated within their respective 
DSL transceiver, it will be appreciated that, further em- 
bodiments of the invention include arrangements 
wherein the symmetry/bandwidth adjuster is implement- 
ed separately from the DSL transceivers, e.g., in a 

40 stand-alone DSP or software executed in a processor. 
[0022] Turning our attention again to FIG. 2, the sym- 
metry/bandwidth control aspects of the invention will 
now be discussed. For clarity of explanation, the illus- 
trative configuration shown in FIG. 2 includes a single 

45 communications channel, i.e., communications channel 
165, although the principles of the inventions as de- 
scribed below apply equally to further embodiments 
which include multiple communications channels. In ac- 
cordance with the preferred embodiment of the inven- 

50 tion, DSL transmitters 200 and 245, respectively, mod- 
ulate the data to be transmitted onto communications 
channel 1 65 and between two locations, e.g. , subscriber 
premise 170 and service provider premise 101. Con- 
versely, DSL receivers 205 and 240, respectively, de- 

55 modulate the signals being transmitted across commu- 
nications channel 165 and between two locations to re- 
cover the transmitted data. In accordance with the pre- 
ferred embodiment of the invention, transmit queue/ 
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monitor 215 and 260, respectively, store data from an 
application, e.g., application 111, presently waiting to be 
transmitted by DSL transmitter 200 and 245, respective- 
ly. Further, transmit queue/monitor 215 and 260 meas- 
ure the actual transmit data rate from their respective 
DSL transceiver. Similarly, in accordance with the pre- 
ferred embodiment of the invention, receive queue/ 
monitor 220 and 255, respectively, store data for an ap- 
plication, e.g., application 111, presently waiting to be 
processed by the application. In addition, receive 
queue/monitor 220 and 255 measure the actual receive 
data rate at their respective DSL transceiver. 
[0023] In accordance with the preferred embodiment 
of the invention, during the initialization of communica- 
tions channel 165, the channel is set to a default sym- 
metry value which is determined as a function of the 
measured characteristics of the channel and well- 
known installation parameters. For example, a commer- 
cial subscriber to such a communications channel may 
have a default symmetry setting of 50% upstream and 
50% downstream, i.e., a symmetric channel. Typically, 
such commercial subscribers employ a symmetric 
channel due to their usage patterns which transmit and 
receive approximately equal amounts of data over the 
communications channel. In contrast, a residential sub- 
scriber to such a communications channel may have a 
default symmetry setting of 80% downstream and 20% 
upstream since these subscribers typically are expected 
to download, e.g., Web surfing, more data over the 
channel than they transmit. As will be appreciated, the 
default symmetry settings can be communicated to the 
relevant symmetry/bandwidth controller, e.g., symme- 
try/bandwidth controller 210 or 250, through software 
commands during channel initialization, or so-called 
"hard" configuration inputs, e.g., switches, within the 
DSL transceivers. In accordance with the preferred em- 
bodiment, symmetry/bandwidth controller 210 sets the 
requisite communications channel parameters in DSL 
transmitter 200 and DSL receiver 205 to establish the 
default symmetry configuration. Similarly, symmetry/ 
bandwidth controller 250 sets the requisite communica- 
tions channel parameters in DSL transmitter 245 and 
DSL receiver 240 to establish the default symmetry con- 
figuration in DSL transceiver 180. 
[0024] Of course, during the actual operation of com- 
munications channel 165, the transmission load across 
the channel may change dramatically, e.g., the sub- 
scriber may be transmitting more data than expected 
while receiving less data. That is, the desired symmetry 
of the communications channel is different than the 
presently configured symmetry. Various aspects of the 
invention are directed at alleviating this condition by pro- 
viding a technique for dynamically adjusting the at- 
tributes of the communications channel to satisfy vary- 
ing bandwidth and symmetry requirements. 
[0025] More particularly, in accordance with the pre- 
ferred embodiment of the invention, transmit queue/ 
monitor 215 "and 260, respectively, continuously meas- 



ure the so-called fill level of their respective queues. 
That is, the fill level being impacted by the data presently 
awaiting transmission by a particular application, e.g. 
transmit data from application 225 or transmit data from 
5 application 275. If the fill level of these transmit queues 
exceeds a predetermined threshold level, symmetry/ 
bandwidth controller 21 0 and 250 will examine the data 
rate of their associated receive queue/monitor, i.e., re- 
ceive queue/monitor 220 and 255, respectively As will 
10 be appreciated, the threshold level can be determined 
as a function of so-called "high water" levels and/or "low 
water" levels, where high water levels typically exceed 
75% of the total queue capacity, and low water levels 
typically are 25% or less of the total queue capacity. If 
15 a determination is made that the current receive rate (e. 
g., receive data to application 235 or receive data to ap- 
plication 265) is less than the current communications 
channel rate, i.e., the receive channel is not being fully 
utilized, symmetry/bandwidth controller 210 and/or 250 
20 will, in accordance with the invention, reconfigure their 
respective DSL transmitter, i.e., DSL transmitter 200 
and/or 245, and DSL receiver, i.e., DSL receiver 205 
and/or 240, for a more efficient use of communications 
channel 165. In accordance with the preferred embodi- 
es ment, such reconfiguration includes setting new param- 
eter values, e.g., upstream and/or downstream symme- 
try, in the DSL transmitter and receiver. Advantageously, 
in accordance with the invention, both symmetric and 
asymmetric DSL applications are satisfied across the 
30 same communications channel by dynamically adjust- 
ing the available bandwidth and/or symmetry of the 
communications channel. 

[0026] Further, in accordance with the preferred em- 
bodiment of the invention, thrashing (i.e., rapid short- 

35 term changes in parameters), a well-known feedback 
and control issue is avoided through the use of averag- 
ing and filtering. That is, the queue fill levels and data 
rates are averaged/filtered prior to being reported to the 
symmetry/bandwidth controllers. Thus, in accordance 

40 with the preferred embodiment, symmetry/bandwidth 
controller 210 and 250, respectively, do not attempt a 
reconfiguration of communications channel 165 each 
time their respective transmit queue level exceeds the 
threshold level. Instead, the averaging/filtering of the fill 

45 levels and data rates provides that the level be exceed- 
ed for some continuous time period, e.g. , a few seconds, 
before any reconfiguration of communications channel 
165 is initiated in accordance with the principles of the 
invention. 

50 [0027] In accordance with the above-described em- 
bodiment, the trigger for the reconfiguration of the com- 
munications channels is from the DSL transceiver itself, 
i.e., from the monitoring of the fill levels and data rates. 
However, in further embodiments of the invention, the 

55 reconfiguration operations from the symmetry/band- 
width controller are triggered directly from particular ap- 
plications. In particular, an application, e.g., application 
111, can issue commands directly to the symmetry/ 
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bandwidth controller (see, symmetry control signal from 
application 230 or symmetry control signal from appli- 
cation 270) to determine the current configuration and 
status of communications channel 165. After receiving 
requested status information, the application can issue 
further commands to effect a desired reconfiguration of 
the communications channel. This further embodiment 
of the invention provides applications with the ability to 
ensure that sufficient bandwidth is allocated in the req- 
uisite direction, i.e., upstream or downstream, prior to 
the execution of particular operations, e.g., video con- 
ferencing or telephony applications, which are known to 
have special transmission characteristics. 
[0028] For example, in this further embodiment of the 
invention, the dynamic adjustments in the bandwidth al- 
location and/or symmetry of channel 165 occur in real- 
time as a function of particular requests from applica- 
tions, e.g. application 111 executing on client 195. Illus- 
tratively, (turning our attention briefly backto FIG. 1 ) dur- 
ing the execution of application 1 1 1 on client 1 95, appli- 
cation 1 1 1 can request changes of the operating param- 
eters of DSL transceiver 180 which trigger dynamic ad- 
justments in the bandwidth allocation and/or symmetry 
of communications channel 165. More particularly, such 
a request from application 111 is facilitated by a library 
routine (i.e., a function or subroutine) accessible by cli- 
ent 195 which implements a DSL application program- 
ming interface. As is well-known, an application pro- 
gram interface ("API") is a defined set of functions, typ- 
ically provided by an operating system or library, for use 
by an application in performing a desired feature, e.g., 
telephony or messaging. In accordance with this em- 
bodiment of the invention, the DSL API provided to client 
195 provides applications executing on client 195 with 
the ability to initiate changes in the operating parame- 
ters of DSL transceiver 180 for real-time adjustments in 
the bandwidth allocation and/or symmetry across com- 
munications channel 165, in accordance with the inven- 
tion. 

[0029] To further illustrate the various aspects of the 
invention as described above, an illustrative ADSL lite 
communications exchange between subscriber 
premise 170 and service provider premise 101 will be 
now discussed. FIG. 3 shows a set of communications 
scenarios, 300, 310, and 320, respectively, exchanged 
over time across communications channel 1 65 between 
subscriber premise i70 and service provider premise 
1 01 . As shown, communications scenario 300 is initially 
allocated asymmetrically, in accordance with conven- 
tional ADSL lite data rates, with downstream communi- 
cations rate 301 (i.e., from service provider premise 101 
to subscriber premise 170) of 1.5 Mbits/sec and an up- 
stream communications rate 302 (i.e., from subscriber 
premise 170 to service provider premise 101) of 128 
Kbits/sec. In accordance with the invention, as commu- 
nications continue . over time between subscriber 
premise 170 and service provider premise 101, DSL 
transceiver 180 is illustratively used, as described pre- 



viously, to monitor the communications exchange and 
adjust the bandwidth allocation in accordance with the 
observed requirements. For example, DSL transceiver 
180 may observe that its transmit queues are near ca- 
5 pacity, indicating that there is presently a high amount 
of continuous transmission from subscriber premise 1 70 
to service provider premise 101. That is, upstream com- 
munications rate 302 is near or at capacity. DSL trans- 
ceiver 180 further observes that the actual received 

io communications rate from service provider premise 101 
is quite low. That is, downstream communications rate 
301 is far below capacity. Thus, in accordance with the 
invention, DSL transceiver 180 will dynamically adjust 
the bandwidth allocation across communications chan- 

f5 nel 165 to improve the communications exchange and 
more efficiently use the available bandwidth. 
[0030] For example, DSL transceiver 1 80 may adjust 
the asymmetric allocation shown in scenario 300 to a 
full symmetric allocation as shown in communications 

20 scenario 310. In communications scenario 310, commu- 
nications channel 165 has been dynamically adjusted, 
in accordance with the invention, to have equal down- 
stream communications rate 31 1 and upstream commu- 
nications rate 31 2 of 81 4 Kbits/sec. Advantageously, ou r 

25 invention provides for the increased utilization of a com- 
munications channel through dynamic bandwidth and/ 
or symmetry adjustments. Continuing with the illustra- 
tive scenarios shown in FIG. 3, communications scenar- 
io 320 further illustrates the import of the invention. That 

30 is, communications channel 165 has been further dy- 
namically adjusted as a function of the real-time com- 
munications observation and adjusting, illustratively, by 
DSL transceiver 1 80. As shown, communications chan- 
nel 165 is now allocated in an asymmetric allocation 

35 wherein downstream communication rate 321 is de- 
creased to 128 Kbits/sec and upstream communica- 
tions rate 322 is increased to 1 .5 Mbits/sec. Thus, com- 
munications channel 165 now has a so-called reverse 
asymmetric allocation as compared to that of the initial 

40 allocation of communications scenario 300. 

[0031] As will be appreciated, while the above discus- 
sion focused on subscriber premise 1 70 and DSL trans- 
ceiver 180, the principles of the invention are equally 
applicable in service provider premise 101 which is con- 

45 figured with DSL transceiver 1 20 which operates in ac- 
cordance with the invention as previously discussed. 
[0032] FIG. 4 is a flowchart of illustrative operations 
performed, in accordance with the invention, for dynam- 
ically controlling the bandwidth allocation of a commu- 

so nications channel. More particularly, the communica- 
tions channel is continually monitored (block 41 0) for de- 
termining the real-time bandwidth allocation and sym- 
metry requirements between, e.g.', a subscriber premise 
and service provider premise, as described above. If a 

55 communications parameter change request is received 
(block 420) from a particular application the change re- 
quest is immediately processed, in accordance with the 
invention, to dynamically adjust the bandwidth alloca- 
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tion and/or symmetry (block 440.) If no change request 
is received, the communications channel is continually 
monitored to detect a change in the communications re- 
quirements across the communications channel (block 
430.) In accordance with the invention, if the communi- 
cations loading across the channel is such that certain 
adjustments to the bandwidth and/or symmetry will 
more efficiently utilize the channel's capacity, these ad- 
justs are dynamically made (block 440), e.g., by DSL 
transceiver 180, as described previously. 
[0033] Advantageously, the invention of the subject 
co-pending application provides for dynamically adjust- 
ing the symmetry and/or bandwidth allocation across a 
communications channel as a function of the particular 
communications transmission requirements. Thus, the 
total capacity of the communications channel is more 
efficiently used through such real-time bandwidth ad- 
justments. Of course, such adjustments are only effec- 
tive so long as the communication channel does not it- 
self incur a transmission fault. That is, if the channel it- 
self fails all communications exchanged across the 
channel also fail, it is the recovery from such a channel 
failure and other aspects that the present invention is 
directed. 

[0034] More particularly, in accordance with the 
present invention a technique is provided which advan- 
tageously facilitates the dynamic recovery from faults in 
one or more communication channels. That is, in ac- 
cordance with the preferred embodiment of the inven- 
tion, the dynamic adjustment of DSL bandwidth alloca- 
tion and/or symmetry aspects of the invention of our co- 
pending application are combined with a dynamic bond- 
ing mechanism that, in cases of single or multiple loop 
failures, creates the appearance of a single higher- 
bandwidth channel by combining and/or distributing the 
communications traffic across the still available physical 
communications channels. As mentioned previously, 
the bonding of multiple low bit-rate channels to obtain 
higher apparent communications speeds, so-called in- 
verse multiplexing, is well-known. See, for example, Wil- 
liam A. Flanagan, T-1 Networking, Telcom Books, 1997, 
p. 129. However, we have realized that by combining 
our invention for dynamically adjusting the symmetry 
and/or bandwidth allocation across a communications 
channel as a function of the particular communications 
transmission requirements, with the bonding of asym- 
metric channels, we have discovered a novel technique 
for the real-time bonding of asymmetric channels to pro- 
duce a fully symmetric channel. In this way, the present 
invention provides a technique which advantageously 
facilitates the dynamic recovery from faults in one or 
more communication channels as will now be further 
discussed below. 

[0035] In particular, FIG. 5 shows multiple loop DSL 
communications system 500 configured in accordance 
with the principles of the invention for dynamically ad- 
justing the attributes of a DSL communications channel 
to satisfy varying bandwidth and symmetry require- 



ments. A first communications channel 545, e.g., a local 
loop connecting service provider premise 101 and sub- 
scriber premise 170, is a initially configured illustratively 
as a standard ADSL channel having a greater down- 

5 stream bandwidth, e.g., 1.5 Mbits/sec than upstream 
bandwidth, e.g., 128 Kbits/sec. A second communica- 
tions channel 550 is a initially configured illustratively as 
a so-called reverse ADSL channel having a greater up- 
stream bandwidth, e.g., 1 .5 Mbits/sec than downstream 

10 bandwidth, e.g., 128 Kbits/sec. In accordance with the 
embodiment of FIG. 5, the two communications chan- 
nels connect DSL terminal 505 and DSL terminal 525 
which, illustratively, reside within service provider 
premise 101 and subscriber premise 170, respectively. 

is As shown in FIG. 5, DSL terminal 505 and DSL terminal 
525 each include a pair of DSL transceivers, i.e., 120-1 , 
120-2, 180-1 , and 180-2, (configured the same as DSL 
transceiver 120 and DSL transceiver 180 of FIG. 2) 
which are each configured, in accordance with the 

20 present invention, for dynamically adjusting the symme- 
try and/or bandwidth allocation across a communica- 
tions channel as a function of the particular communi- 
cations transmission requirements, as described above 
in detail and as shown in FIG. 2. Further, in accordance 

25 with the dynamic channel configuration aspects of the 
present invention, DSL terminal 505 further includes 
transmit bonding unit 510, receive bonding unit 520 and 
bonding controller 515 which, working in conjunction 
with DSL transceiver 120-1 and DSL transceiver 120-2, 

30 advantageously facilitate the dynamic recover from 
faults in one or more communication channels, e.g., 
communications channel 545 or communications chan- 
nel 550. 

[0036] In particular, if communications channel 545 or 
35 communications channel 550 experience a failure, fo- 
cusing our attention, illustratively, on DSL terminal 505, 
transmit bonding unit 51 0, receive bonding unit 520, and 
bonding controller 515 facilitate the combining and/or 
distribution of communications traffic across the availa- 
40 ble channei(s) to dynamically reconfigure a single logi- 
cal, higher-bandwidth channel to carry the transmission 
until such time that the failed channel is operational. For 
example, as shown in the illustrative embodiments of 
FIG. 5 and FIG. 6, communications channel 545 is con- 
45 figured to receive 1 .3 Mbits/sec and transmit 325 Kbits/ 
sec (see, FIG. 6, channel configuration 600 having an 
80/20 asymmetry) while communications channel 550 
is configured to receive 325 Kbits/sec and transmit 1 .3 
Mbits/sec (see, FIG. 6, channel configuration 610 hav- 
so jng a 20/80 asymmetry.) However, suppose the desired 
bonded configuration is 50% upstream and 50% down- 
stream, i.e., fully symmetric. In accordance with the in- 
vention, bonding controller 515 issues commands to 
DSL transceiver 120-1 to reconfigure communications 
55 channel 545 to 90% downstream/10% upstream (see, 
FIG. 6, channel configuration 620.) Further, bonding 
controller 515 issues commands to DSL transceiver 
120-2 to reconfigure communications channel 550 to 
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10% downstream/90% upstream (see, FIG. 6, channel 
configuration 630. ) Thereafter, bonding controller 51 5 in 
conjunction with transmit bonding unit 510 and receive 
bonding unit 520 will bond the reconfigured channels us- 
ing inverse multiplexing to yield a single channel with 
the desired fully symmetric bandwidth (see, FIG. 6, 
channel configuration 640.) The details of such dynamic 
reconfiguration utilizing the channel bonding and DSL 
transceivers of the invention will now be discussed. 
[0037] As described previously, each of the commu- 
nication channels to be bonded, e.g., communications 
channels 545 and 550, are initialized with a default sym- 
metry configuration. After initialization of the channels, 
bonding controller 515 queries the state of channel 545 
and channel 550 via connections 501 and 502 to DSL 
transceivers 120-1 and 120-2, respectively. In accord- 
ance with the preferred embodiment of the invention, af- 
ter receiving the query results, bonding controller 515 
issues commands, to the DSL transceivers, for recon- 
figuration of the communication channels for bonded 
operations. After the initial configuration and bonding of 
channels 545 and 550 is established, bonding controller 
515 continues to monitor the state of each channel. If 
one of the channels fails, or becomes partially impaired 
in some other way, bonding controller 515, in accord- 
ance with the invention, reconfigures the remaining 
communications channels, e.g., channel 550, to pre- 
serve the desired symmetry, but with a lower bandwidth. 
[0038] In particular, continuing with the illustrative ex- 
ample of FIG. 6, suppose now that communications 
channel 545 was configured for 90% downstream/1 0% 
upstream, and communications channel 550 was con- 
figured for 10% downstream/90% upstream. Further, il- 
lustratively, suppose that communications channel 545 
experiences a complete failure. In such an illustrative 
scenario, bonding controller 51 5, in accordance with the 
invention, will issue commands to DSL transceiver 
120-2 to reconfigure communications channel 550 to 
50% downstream/50% upstream (see, FIG. 6, channel 
configuration 640) thereby preserving the symmetry but 
lowering the effective bandwidth. Further, in accordance 
with a further embodiment of the invention, bonding con- 
troller 515 may inform, via application interface 501 , the 
particular application currently executing that a recon- 
figuration/channel recovery operation has occurred. 
Thus, the application can thereafter take any necessary 
steps to adjust its execution in recognition of the re- 
duced bandwidth across the communication channel(s). 
[0039] As will be appreciated, while the above discus- 
sion of FIG. 5 and FIG. 6 focused particularly on sub- 
scriber premise 101 and DSL terminal 505, the princi- 
ples of the invention are equally applicable in subscriber 
premise 170 which is configured with DSL terminal 525 
having DSL transceiver 180-1 and 180-2, transmit bond- 
ing unit 530, bonding controller 535, and receive bond- 
ing unit 540, for providing the bonding together of asym- 
metric channels to dynamically produce a single, fully 
symmetric communications channel as described pre- 



viously. 

[0040] In a further embodiment of the invention, the 
dynamic symmetry and bonding control are provided in 
a so-called "loop" independent fashion. That is, the 
5 transmit queue/monitor and receive queue/monitor as 
described above are each located between the applica- 
tion and the transmit and receive bonding units. More 
particularly, FIG. 7 shows DSL terminal 700 configured 
in accordance with this further embodiment of the inven- 
ts tion. DSL terminal 700 is configured with transmit 
queue/monitor 705 and receive queue/monitor 71 0 sep- 
arate from DSL transceiver 730 and DSL transceiver 
735. In accordance with this embodiment, transmit 
queue/monitor 705 receives data to be transmitted from 
75 an executing application (see, interconnection 740) and 
receive queue/monitor 710 holds data destined for the 
executing application (see, interconnection 745.) As so 
configured, transmit queue/monitor 705 and receive 
queue/monitor 710 are accessed directly by bonding 
20 controller 720 through transmit bonding unit 715 and re- 
ceive bonding unit 725, respectively. Thus, in accord- 
ance with this embodiment, bonding controller 720 mon- 
itors the status of transmit queue/monitor 705 and re- 
ceive queue/monitor 710 to effect the dynamic reconfig- 
25 uration/bonding of particular communications channels, 
e.g., communications channel 755 or 760. In addition to 
monitoring, bonding controller 710 can receive com- 
mands directly from the application (see, application in- 
terface 750) to also trigger the dynamic reconfiguration/ 
30 bonding in accordance with the principles of the inven- 
tion. 

[0041] As detailed above, the present invention can 
be embodied in the form of methods and apparatuses 
for practicing those methods. The invention can also be 

35 embodied in the form of program code embodied in tan- 
gible media, such as floppy diskettes, CD-ROMs, hard 
drives, or any other machine-readable storage medium, 
wherein, when the program code is loaded into and ex- 
ecuted by a machine, such as a computer, the machine 

40 becomes an apparatus for practicing the invention. The 
invention can also be embodied in the form of program 
code, for example, in a storage medium, loaded into 
and/or executed by a machine, or transmitted over some 
transmission medium, such as over electrical wiring or 

45 cabling, through fiber optics, or via electromagnetic ra- 
diation, wherein, when the program code is loaded into 
and executed by a machine, such as a computer, the 
machine becomes an apparatus for practicing the inven- 
tion. When implemented on a general-purpose proces- 

so sor, the program code segments combine with the proc- 
essor to provide a unique device that operates analo- 
gously to specific logic circuits. 
[0042] The foregoing merely illustrates the principles 
of the present inventbn. Therefore, the invention in its 

55 broader aspects is not limited to the specific details 
shown and described herein. Those skilled in the art will 
be able to devise numerous arrangements which, al- 
though not explicitly shown or described herein, embody 
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those principles and are within their spirit and scope. 



Claims 

1. A Digital Subscriber Line (DSL) communications 
method comprising: 

monitoring at least two DSL communications 
channels, the DSL communications channels 
each having a initial bandwidth allocation and 
a initial symmetry allocation; 
detecting a change in a communications rate of 
a exchange of communications across at least 
one of the DSL communications channels; 
dynamically adjusting the initial bandwidth allo- 
cation or the initial symmetry allocation of at 
least one of the DSL communications channels 
as a function of the detected change in the com- 
munications rate; and 
bonding the at least two DSL communications 
channels as a function of the detected change 
to produce a single DSL communications chan- 
nel. 

2. The DSL communications method of claim 1 further 
comprising. 

reconfiguring the single DSL communications 
channel back to the at least two DSL communica- 
tions channels used in the bonding operation. 

3. The DSL communications method of claim 1 where- 
in the bonding operation occurs as a function of a 
failure in a particular one of the DSL communica- 
tions channels. 

4. The DSL communications method of claim 3 where- 
in the initial symmetry allocation of each of the DSL 
communications channels is asymmetric, and the 
single DSL communications channel resulting from 
the bonding operation is a symmetric allocation. 

5. A method for exchanging communications across a 
plurality of DSL communications channels, the plu- 
rality of DSL communications channels connecting 
at least one subscriber premise with at least one 
telecommunications service provider, the method 
comprising: 

initializing at least two DSL communications 
channels of the plurality of DSL communica- 
tions channels with a bandwidth allocation and 
a symmetry allocation; 

exchanging a communication, using the at least 
two DSL communications channels, between 
the subscriber premise and the telecommuni- 
cations service provider, the communication 
having a communications rate; 
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monitoring the communication between the 
subscriber premise and the telecommunica- 
tions service provider; 

detecting a change in the communications rate; 
and 

dynamically adjusting the initial symmetry allo- 
cation of at least one of the DSL communica- 
tions channels as a function of the detected 
change in the communications rate; and 
bonding the at least two DSL communications 
channels as a function of the detected change 
into a single DSL communications channel. 

The method of claim 5 further comprising: 

detecting a failure in a particular one of the 
DSL communications channels and performing the 
bonding operation in response to the detection of 
the failure. 

The method of claim 6 further comprising: 

reconfiguring the single DSL communications 
channel back to the at least two DSL communica- 
tions channels used in the bonding operation. 

The method of claim 7 wherein the at least two DSL 
communications channels each have a asymmetric 
allocation after the reconfiguring occurs. 

9. The method of claim 7 wherein the bonding opera- 
tion is initiated by a command from a communica- 
tions device within the subscriber premise. 

10. The method of claim 5 wherein the bonding opera- 
tion employs inverse multiplexing. 

11. The method of claim 10 wherein the single DSL 
communications channel has a bandwidth which is 
less than each of the two DSL communications 
channels from which the single DSL communica- 
tions channel was bonded. 

12. A DSL transceiver comprising: 

a transmitter for transmitting a DSL signal 
across a particular one communications chan- 
nel of a plurality of communications channels, 
each of the communications channels having a 
plurality of communications characteristics, the 
plurality of characteristics including at least one 
bandwidth allocation and at least one symmetry 
allocation; 

a receiver for receiving the DSL signal from the 
communications channel; 
a transmit queuefor storing data awaiting trans- 
mission by the transmitter; 
a receive queue for storing data received by the 
receiver, 

a controller for monitoring the characteristics of 
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the plurality of communications channels, and 
for dynamically adjusting the bandwidth alloca- 
tion or the symmetry allocation of the particular 
one communications channel as a function of 
a change in the characteristics of at least one s 
of the communications channels, and for bond- 
ing at least two communications channels of 
the plurality of communications channels into a 
single communications channel as a function of 
the change in the characteristics of the at least 10 
one communications channel. 

3. The DSL transceiver of claim 12 wherein the con- 
troller detects a failure in a particular one of the com- 
munications channels and performs the bonding is 
operation in response to the detection of the failure. 

4. The DSL transceiver of claim 12 wherein the con- 
troller monitors a level of the receive queue in per- 
forming the dynamically adjusting operation and the 20 
bonding operation. 

5. The DSL transceiver of claim 14 wherein the con- 
troller monitors a level of the transmit queue in per- 
forming the dynamically adjusting operation and the 25 
bonding operation. 

6. A communications system comprising: 

a first communications device, the first commu- 30 
nications device having a transceiver for trans- 
mitting a DSL signal across a particular one 
communications channel of a plurality of com- 
munications channels, each of the communica- 
tions channels having a plurality of communi- 35 
cations characteristics, the plurality of charac- 
teristics including at least one bandwidth allo- 
cation and at least one symmetry allocation, 
and a controller for monitoring the characteris- 
tics of particular ones of the communications 40 
channels, and for dynamically adjusting the 
bandwidth allocation or the symmetry alloca- 
tion of the particular one communications chan- 
nel as a function of a change in the character- 
istics of the particular ones of the communica- 45 
tions channels, and for bonding at least two 
communications channels of the plurality of 
communications channels into a single com- 
munications channel as a function of the 
change in the characteristics of the particular so 
ones of the communications channels; and 
a second communications device, the second 
communications device having a transceiver 
for receiving the DSL signal across the partic- 
ular one communications channel of the plural- ss 
ity of communications channels, and a control- 
ler for monitoring the characteristics of the par- 
ticular ones of the communications channels, 



and for dynamically adjusting the bandwidth al- 
location or the symmetry allocation of the par- 
ticular one communications channel as a func- 
tion of a change in the characteristics of the par- 
ticular ones of the communications channels, 
and for bonding the at least two communica- 
tions channels of the plurality of communica- 
tions channels into the single communications 
channel as a function of the change in the char- 
acteristics of the particular ones of the commu- 
nications channels. 

17. The communications system of claim 16 wherein 
the particular one communications channel con- 
nects a telecommunications service provider 
premise and a subscriber premise. 

18. The communications system of claim 17 wherein 
the first communications device is located at the 
subscriber premise and the second communica- 
tions device is located at the telecommunications 
service provider premise. 

19. The communications system of claim 18 wherein 
the first communications device is connected to a 
computer used by a subscriber for accessing a pub- 
lic network. 

20. The communications system of claim 19 wherein 
the second communications device is connected to 
a communications switch. 

21 . A machine-readable medium having stored thereon 
a plurality of instructions, the plurality of instructions 
including instructions that, when executed by a ma- 
chine, cause the machine to perform a communica- 
tions method of monitoring at least two DSL com- 
munications channels, the DSL communications 
channels each having a initial bandwidth allocation 
and a initial symmetry allocation, detecting a 
change in a communications rate of a exchange of 
communications across at least one of the DSL 
communications channels, dynamically adjusting 
the initial bandwidth allocation or the initial symme- 
try allocation of at least one of the DSL communi- 
cations channels as a function of the detected 
change in the communications rate, and bonding 
the at least two DSL communications channels as 
a function of the detected change to produce a sin- 
gle DSL communications channel. 

22. The machine-readable medium of claim 21 wherein 
the bonding operation occurs as a function of a fail- 
ure in a particular one of the DSL communications 
channels. 

23. The machine-readable medium of claim 22 wherein 
the initial symmetry allocation of each of the DSL 
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communications channels is asymmetric, and the 
single DSL communications channel resulting from 
the bonding operation is a symmetric allocation. 

24. The machine-readable medium of claim 21 wherein s 
the plurality of instructions further cause the ma- 
chine to perform the operation of reconfiguring the 
single DSL communications channel back to the at 
least two DSL communications channels used in 
the bonding operation. 10 
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